Introduction {#Sec1}
============

Diabetes mellitus is a chronic disease currently affecting an estimated 387 million people worldwide. The International Diabetes Federation estimates that by 2035 this number may rise to 592 million \[[@CR1]\]. It is paramount to better understand the prevalence and associated complications of this disease, as well as the optimal treatment for patients with diabetes. Clinical trials conducted to date that have tested sodium-glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists, while heterogenous in design, have identified the potential of these drugs to reduce cardiovascular risk and improve blood glucose and glycated hemoglobin (HbA1c) control in patients with established cardiovascular disease (eCVD), but to a lesser degree in patients without CVD \[[@CR2]--[@CR6]\]. A recently completed trial, however, did not identify a difference of effect in patients with or without eCVD \[[@CR7]\].

The 2018 joint consensus statement of the American Diabetes Association (ADA) and the European Association for the study of diabetes (EASD) therefore recommends the importance of individualizing management of a patient's T2DM based on the patient's profile, including comorbid conditions \[[@CR8]\]. This current consensus paper recommends the initiation of SGLT2 inhibitors or GLP1 receptor agonists in patients with diabetes and concomitant CVD.

Given the results of recent cardiovascular outcomes trials and the current recommendations of the ADA and EASD, we conducted this study to define the percentage of T2DM patients with eCVD in the UK.

Methods {#Sec2}
=======

In this retrospective cohort study, we analyzed patients with T2DM included in the UK Clinical Practice Research Datalink (CPRD) database \[[@CR9]\]. The CPRD collects de-identified patient data from a network of general practitioner practices across the UK. In the CPRD, primary care data are linked to a range of other health-related data to provide a longitudinal, representative UK population health dataset. The data encompass over 35 million patients, including 11 million currently registered patients. We included all adult (≥ 18 years of age on their index date) patients with T2DM with at least one encounter within the CPRD between 1 January 2018 and 31 December 2018 (index period). The index date for each patient was defined as the most recent encounter date during the 1-year index period. T2DM and comorbidities were assessed using all patient records available in the database prior to and including the index date. We used READ and SNOMED codes to identify T2DM and included those patients with at least two prescriptions for an oral diabetes medication. Patients with type 1 diabetes mellitus in any of their previous records were excluded.

Patients with T2DM and concomitant eCVD were categorized into two groups: (1) those with the atherothrombotic forms of CVD, defined as either myocardial infarction (MI), angina pectoris (AP), coronary artery disease (CAD), stroke, transient ischemic attack (TIA), or peripheral arterial disease (PAD); (2) those with heart failure. Concomitant atherothrombotic disease and heart failure was further identified and displayed utilizing a Venn diagram. We analyzed any potential differences between T2DM patients with concomitant eCVD and those without eCVD and compared the characteristics utilizing a Mann--Whitney *U* test for calculated means of continuous variables and a Chi-square test for categorical variables. The patient variables included for analysis were age; gender; the most recent values of estimated glomerular filtration rate (eGFR, mL/min/m^2^) if directly available from documented records (no additional calculations to be performed); low-density lipoprotein-cholesterol (mg/dL) as available in the records and usually derived utilizing the Friedewald equation; systolic and diastolic blood pressure (mmHg); and HbA1c (%). We further assessed whether patients were ever smokers upon inclusion in the CPRD database. We consciously decided not to analyze the utilization of pharmacologic therapy (at class or compound level) as our aim was to conduct a purely epidemiological analysis on comorbidities.

The study was approved by the institutional document review committee and by UK Information Sharing and Analysis Center (ISAC; \#19_137R, July 2019). Patients provided informed consent to include their data in the CPRD, and any patient-related information was de-identified.

This study is based in part on data from the CPRD obtained under license from the UK Medicines and Healthcare products Regulatory Agency. The data are provided by patients and collected by the National Health Service as part of their care and support. The interpretation and conclusions contained in this study are those of the author/s alone.

Results {#Sec3}
=======

A total of 148,803 patients with T2DM (male 53%; mean age 65 years) were included in this analysis. Table [1](#Tab1){ref-type="table"} shows the patient characteristics. Of these 148,803 patients with T2DM, 52,601 (35.4%) suffered from the atherothrombotic forms of eCVD and 8650 (5.8%) from heart failure (Fig. [1](#Fig1){ref-type="fig"}). Patients considered to have eCVD in its atherothrombotic forms had a history of MI (*n* = 12,125; 8.2%), stroke or TIA (*n* = 14,709; 9.9%), unstable AP (*n* = 14,544; 9.8%), CAD (*n* = 11,516; 7.7%) and PAD (*n* = 27,756; 18.7%).Table 1Demographic and clinical characteristics of patientsDemographic and clinical characteristicsWith eCVD (*N* = 54,874)Without eCVD (*N* = 93,929)*p* valueAge (years; *n* = 148,803)73.5 (12.1)62.9 (15.0)\< 0.001Male gender (*n* = 148,794)56.5%51.4%\< 0.001eGFR (ml/min/1.73 m^2^ body surface; *n* = 135,789)60 (53--76)68 (60--88)\< 0.001LDL-C (mmol/L; *n* = 133,048)2.6 (2.1)2.9 (1.7)\< 0.001SBP (mmHg; *n* = 147,945)130 (120--140)132 (122--140)\< 0.001DBP (mmHg; *n* = 147,944)74 (68--80)78 (70--81)\< 0.001HbA1c (%; *n* = 143,535)7 (6.4--7.9)7 (6.3--8)0.047BMI (kg/m^2^ body surface; *n* = 144,208)29.7 (26.1--34.1)30.5 (26.8--35.2)\< 0.001Smoking status: ever a smoker (*n* = 147,733)67.7%56.1%\< 0.001*BMI* Body mass index,*DBP* diastolic blood pressure, *eGFR* estimated glomerular filtration rate, *HbA1c* glycated hemoglobin, *LDL-C* low-density lipoprotein cholesterol, *SBP* systolic blood pressureFig. 1Venn diagram showing distribution of cardiovascular disease among patients with type 2 diabetes mellitus in the UK

Analysis of the age distribution of patients in the study showed that 40.8% were aged \< 65 years, 26.3% were aged ≥ 65 and \< 75 years and 32.9% were aged ≥ 75 years. We identified differences in the prevalence of the respective CVD entities according to age group, with a higher prevalence of disease at an older age (Table [2](#Tab2){ref-type="table"}).Table 2Prevalence of cardiovascular diseases by age groupCardiovascular diseaseAge \< 65 years (*N* = 60,776)Age ≥ 65  to \< 75 years (*N* = 39,100)Age ≥  75 years (*N* = 48,927)*n*%*n*%*n*%Myocardial infarction24724.135019.0615212.6Stroke23693.936239.3871717.8Peripheral artery disease651610.7781420.013,42627.4Angina20083.3403810.3849817.4Coronary artery disease20703.435509.1589612.1Heart failure11361.920385.2547611.2

Laboratory results were available for 143,535 patients (96.4%). Median HbA1c level was 7% (interquartile range \[IQR\] 6.4--7.9 and 6.3--8.0% for patients with and without eCVD, respectively; *p* = 0.047). HbA1C levels of \< 7% were achieved by 49.5% of patients (49.7 and 49.3% of patients with and without eCVD, respectively) (*p* \< 0.001). The distribution of HbA1c levels was as follows: 25.5 and 24.9% of patients with and without eCVD, respectively, achieved HbA1c of 7.0 to \< 8.0%; 21.9 and 11.9% of patients with and without eCVD, respectively, achieved HbA1c of 8.0 \< 9.0%; and  12.9 and 14.0% of patients with and without eCVD, respectively, achieved a HbA1c of  ≥ 9.0%.

The most recent eGFR rate was a median of 60 (IQR 53--76) and 68 (IQR 60--88) mL/min/1.73 m^2^ for patients with and without eCVD, respectively, (*p* \< 0.001). Details on the distribution of chronic kidney disease according to the current National Kidney Foundation/Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines \[[@CR10]\] are given in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Distribution of stages of chronic kidney disease (*CKD*) according to the National Kidney Foundation/Kidney Disease Outcomes Quality Initiative (K/DOQI) based on guidelines on estimated glomerular filtration rate. *eCVD* Established cardiovascular disease. Normal or CKD stage 1: \> 90 mLmin/1.73 m^2^, CKD stage 2: 60--89 mL/min/1.73 m^2^; CKD stage 3a: 45--59 mL/min/1.73 m^2^; CKD stage 3b: 30--44 mL/min/1.73 m^2^; CKD stage 4: 15--29 mL/min/1.73 m^2^; CKD stage 5: \< 15 mL/min/1.73 m^2^

Discussion {#Sec4}
==========

Our analysis showed that 35.4% of the patients with T2DM recorded in the CPRD database currently have eCVD, with 8.2% previously having had a MI and 9.9% previously having had a stroke/TIA. We detected a different mean age for T2DM patients with and without eCVD, with those without eCVD having a mean age of 62.9 (standard deviation \[SD\] 15.0) years and those with eCVD having a mean age of 73.5 (SD 12.1) years. Older patients had a higher percentage of eCVD in all etiologies assessed. In patients aged ≥ 75 years, 55.9% of the patients had eCVD, including heart failure, compared with 19.8% in patients aged \< 65 years. This difference was most pronounced for heart failure, with only 1.9% of patients younger than 65 years having heart failure compared with 11.2% (sixfold increased) of patients aged ≥ 75 years. Heart failure can thus be considered a disease of the elderly, also in patients with concomitant diabetes.

A comparison of these data with those of other countries revealed a certain level of heterogeneity in the eCVD data depending on country analyzed, population examined and likely differences in coding. One study used US data collected on commercially insured patients, who are typically younger and thus healthier than the patients in the UK CPRD database as the former will enter the public Medicare program at age 65 years or upon retirement \[[@CR11]\]. This review of commercially insured patients in the Quintiles Electronic Medical Record database (now known as the IQVIA database) identified an eCVD rate of 21.6% \[[@CR11]\]. Recent analyses of data in the public health systems of Germany, the Netherlands, Norway and Sweden identified eCVD rates of 43.7, 34.8, 25.1 and 31.4%, respectively \[[@CR12]\]. In this context, rates for MI ranged between 7.1 and 12.0%, compared to 8.2% in our study in the UK. The rate of stroke was lowest in Norway, at 5.0%, while all of the other countries, including the UK, ranged between 8.9 and 9.9%. Interestingly, these studies showed marked differences in heart failure, with rates of 27.1, 6.3, 6.7, 9.5, 7.4 and 5.8% in Germany, the Netherlands, Norway, Sweden, SA and UK, respectively \[[@CR11], [@CR12]\].

Detailed knowledge of these rates is important since they can be used to inform treatment paradigms that are tailored to meet country-specific needs.

It is also of interest to understand how the results of cardiovascular outcomes trials with SGLT-2 inhibitors and GLP-1 receptor agonists apply to the general population of a country. Results from the CANVAS \[[@CR3]\], DECLARE-TIMI 58 \[[@CR6]\] and EMPA-REG OUTCOME \[[@CR5]\] trials, all large, randomized, controlled cardiovascular outcome trials, suggest that underlying eCVD serves as an effect modifier \[[@CR8]\]. A representative meta-analysis of these trials confirmed that the cardiovascular protective effect of SGLT2 inhibitors was only observed in patients with eCVD (hazard ratio \[HR\] 0.86, 95% CI 0.80--0.93) versus those without eCVD (HR 1.00, 95% CI 0.87--1.16; *p* for interaction =  0.05) \[[@CR13]\]. Within the class of GLP1 receptor agonists, a similar difference in outcomes between patients with eCVD and those without eCVD at baseline was shown in the LEADER study \[[@CR2]\], which tested liraglutide (*p* for interaction = 0.04), whereas no such difference was identified in the long-term study REWIND trial \[[@CR7]\], which tested dulaglutide for up to 6 years. Both the SUSTAIN-6 \[[@CR14]\] and PIONEER-6 \[[@CR15]\] studies tested semaglutide, with inconclusive results due to either insufficient sample sizes or short duration of the trial.

As a general precaution, diabetes patients with eCVD should be closely monitored for control of their metabolic parameters and risk factors. Contemporary evidence from CPRD suggests that only 75% of patients (with or without diabetes) receive lipid-lowering therapy after a stroke \[[@CR16]\]. Diabetes has been associated with a slightly higher rate of statin utilization. This figure needs to be compared to the 47% of overall diabetes patients in CPRD that were administered statins \[[@CR17]\].

Limitations {#Sec5}
-----------

In this observational, retrospective study, we report data as collected in the real world in the UK. There was no central laboratory or standard measure as to how the individual patients' results were retrieved. Some values were missing, and a reporting bias for some diagnoses in terms of higher age versus younger age or for patients who already manifest one disease entity versus those who have none cannot be excluded. However, our findings well reflect standard practice in the UK and mirror what physicians identify and record. We did not impute or correct for missing values, nor did we apply any regression to the mean. The patients included in our study were those included in the CPRD dataset. CPRD does not have appropriate level of detail in the READ and SNOMED codes to further distinguish with confidence heart failure patients with reduced ejection fraction from those with preserved ejection fraction.

Conclusion {#Sec6}
==========

Approximately one-third (35.4%) of T2DM patients in the UK have concomitant atherothrombotic CVD. The prevalence of CVD is markedly higher in T2DM patients of older age.
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